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OBJECTIVE

The aim of this study was to investigate the relationship between diabetes and
different phenotypes of peripheral vascular disease (lower extremity periph-
eral artery disease [PAD], carotid artery stenosis [CAS], and abdominal aortic
aneurysm [AAA]).

RESEARCH DESIGN AND METHODS

Prevalence of vascular disease was evaluated in 3,696,778 participants of the Life
Line Screening survey between 2003 and 2008. PAD was defined as ankle-brachial
pressure index <0.90 or prior revascularization, CAS as ‡50% stenosis or prior
revascularization, and AAA as infrarenal aortic diameter ‡3 cm or prior repair.
Odds ratios (ORs) and 95% CIs were assessed using logistic regression modeling.

RESULTS

Diabetesmellitus was present in 10.8% of participants (n = 399,884). Prevalence of
PAD, CAS, and AAA was significantly higher (P < 0.0001) in participants with
compared with those without diabetes. After multivariate adjustment for base-
line demographics and clinical risk factors, a significant interaction existed be-
tween diabetes and vascular disease phenotype (P < 0.0001). Diabetes was
associated with increased odds of PAD (OR 1.42 [95% CI 1.41–1.4]; P < 0.0001)
and CAS (1.45 [1.43–1.47]; P < 0.0001) but decreased odds of AAA (0.86 [0.84–
0.88]; P< 0.0001). The strength of association increasedwith increasing severity of
disease in each vascular phenotype, and this association persisted in the popula-
tion with asymptomatic vascular disease.

CONCLUSIONS

In a large population-based study, the association between diabetes and vascular
disease differed according to vascular phenotype. Future studies exploring the
mechanism for these vascular-specific differences are needed.

Diabetes is a growing epidemic affecting more than 346 million people worldwide
(1–3). Themetabolic abnormalities associatedwith diabetes lead to altered platelet,
endothelial cell, and smooth muscle cell function (4–7). Together, these changes
promote systemic atherosclerosis and lead to the traditional micro- and macro-
vascular complications commonly observed in diabetes.
Morbidity and mortality in the population with diabetes are largely due to com-

plications of atherosclerosis. Furthermore, vascular disease in one arterial bed in-
creases the risk for concomitant vascular disease in other arterial territories (8,9).
Vascular disease in the peripheral arteries presents a significant burden to health
care expenditure and represents a major cause of myocardial infarction, stroke, and
limb morbidity (10–12). In addition, both diabetes and disease in the peripheral
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vasculature are associated with in-
creased long-term mortality (13–16).
However, the peripheral neuropathy as-
sociated with diabetes masks symptoms
of atherosclerosis, making the true prev-
alence of disease in the peripheral ar-
teries difficult to ascertain without
additional testing and presenting a chal-
lenge to early identification and preven-
tion of disease progression (12,17).
Given the known clustering of tradi-

tional cardiovascular risk factors and
coronary heart disease with diabetes,
this study sought to investigate the in-
dependent association between diabe-
tes and the presence and severity of
vascular disease in the peripheral ar-
teries. While several studies have eval-
uated the association between diabetes
and lower extremity peripheral artery
disease (PAD), few studies have ex-
plored carotid artery stenosis (CAS) or
abdominal aortic aneurysms (AAA) in
populations with and without diabetes,
and no study to date has evaluated the
association between diabetes and all
three major vascular disease subtypes
in a large unselected population. In
this study, we aim to evaluate the asso-
ciation between diabetes and the pres-
ence and severity of PAD, CAS, and AAA
in more than 3 million subjects.

RESEARCH DESIGN AND METHODS

Study Population
A total of 3,696,778 primarily self-
referred people participated in the Life
Line Screening (LLS; Independence,
Ohio) vascular survey at more than
20,000 screening sites, representing all
50 states and broad geographical and
socioeconomic characteristics, between
2003 and 2008. As noted previously, the
prevalence of different cardiovascular
risk factors in this population database
is similar to that of the general U.S. pop-
ulation (18). Using U.S. census data
linked by the subject’s zip code, we cat-
egorized individuals based on income
and education and found fairly good
representation across different levels
of socioeconomic status (19). A variety
of costs was incurred by the individuals
based on the package of tests pur-
chased. All LLS sites use identical proto-
cols and are subject to a quality control
program (18). In accord with the Office
for Human Research Protections, this
study is exempt from review by an in-
stitutional review board (20).

Covariates
Participants completed a two-page
questionnaire, providing their demo-
graphic information, height and weight,
and medical and surgical history, includ-
ing cardiovascular risk factors, physical
activity, nutrition, and family history of
cardiovascular disease. Obesity was
identified as BMI $30 kg/m2, and to-
bacco use was defined as use of at least
100 cigarettes during their lifetime and
currently smoking (current) or not cur-
rently smoking (former). Hypertension
was defined as systolic blood pressure
of $140 mmHg in either upper extrem-
ity or self-reported physician diagnosis
or medication use. Hypercholesterol-
emia was defined as self-reported phy-
sician diagnosis or medication use.
History of coronary artery diseasewas de-
fined as having a history of myocardial
infarction, percutaneous coronary inter-
vention, or coronary artery bypass graft.
Diabetes was defined as self-reported
physician diagnosis or medication use.

Vascular Disease Outcomes
Presence of PAD was assessed with the
bilateral ankle-brachial pressure index
(ABI), defined as systolic blood pressure
in the left and right ankle (measured in
the posterior tibial artery or dorsalis
pedis artery if a posterior tibial artery
Doppler signal was inaudible) divided
by the highest of the two systolic blood
pressures in the left or right arm (bra-
chial artery). In the overall population,
5.6% (n = 207,818) did not have re-
corded ABI results. PAD was defined as
either left or right ABI#0.9 or history of
peripheral arterial intervention. PAD
was defined as symptomatic if partici-
pants had a prior revascularization pro-
cedure or answered yes to, “Do you
have aching or pain in the legs that is
worse with walking or running” or
“. . .relieved within a few minutes by
rest.” Degree of PAD was categorized
as normal (ABI 0.91–1.4), mild (ABI
0.81–0.90), moderate (ABI 0.61–0.80),
severe (ABI #0.60), or unable to com-
press artery (ABI .1.4) (17).

Presence of CAS was assessed using
duplex ultrasound, and in the popula-
tion of interest, 2.9% (n = 107,318) did
not have carotid ultrasound results re-
corded. CAS was defined as CAS $50%
or history of carotid artery revasculari-
zation procedure. Symptomatic CAS was
defined as participants with a prior

stroke, transient ischemic attack, or op-
eration on the carotid arteries. The de-
gree of CAS was categorized as moderate
for 50–69% stenosis or severe for $70%
stenosis.

All participants had abdominal aortic
ultrasound results recorded, and AAA
was defined as presence of an infrarenal
abdominal aortic diameter of$3 cm on
ultrasound (the greater of the antero-
posterior or transverse measurement
was used) or prior surgical or special
procedure to repair an AAA. If a partic-
ipant had a history of AAA repair, they
were considered symptomatic.

Statistical Analysis
Each individual was assigned a unique
identifier, and the investigators had ac-
cess only to de-identified data. The pop-
ulation of interest was categorized into
those with versus those without diabe-
tes. Baseline characteristics and the
presence of PAD, CAS, and AAA between
participants with and without diabetes
were compared using thex2 test for pro-
portions and a two-sided independent
sample t test for continuous variables.
Odds ratios (ORs) and 95% CIs were as-
sessed using a logistic regression model
to examine the strength of association
betweendiabetes andPAD, CAS, andAAA.
In addition to unadjusted OR, model 1
adjusted for age, sex, and race, whereas
model 2 adjusted for age, sex, race, BMI,
hypertension, hyperlipidemia, tobacco
use, coronary artery disease, and stroke
or transient ischemic attack. In sex-
specific analysis, the strength of associa-
tion between diabetes and PAD, CAS, and
AAA was evaluated using the logistic re-
gression model in model 2. The Wald test
was used for testing interaction between
the presence of diabetes and sex for the
presence of each of the vascular disease
subtypes. All statistical analyses were per-
formed with PASW (version 18.0; SPSS
Inc., Chicago, IL), SAS (version 9.12; SAS
Institute Inc., Cary, NC), and the R package
(R Development Core Team; available
from http://www.r-project.org/).

RESULTS

Baseline Characteristics
Among 3,696,778 participants in this
analysis, 399,884 (10.8%) had diabetes.
Baseline characteristics of participants
with and without diabetes are shown
in Supplementary Table 1. Consistent
with prior observations, participants
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with diabetes were older, more fre-
quently male, less frequently white,
and more likely to have other cardiovas-
cular risk factors. These differences
were consistent across the spectrum of
vascular disease. Subjects with vascular
disease had a higher prevalence of risk
factors than subjects without vascular
disease. Subjects with AAA were more
likely to be men and had a higher prev-
alence of heart disease and stroke than
subjects with PAD or CAS (Supplementary
Table 1).

Prevalence of Vascular Disease
Among the 3,696,778 participants in the
study, 422,501 participants had any
vascular disease; 233,958 participants
had PAD, 193,734 participants had
CAS, and 73,443 participants had AAA.
Participants with diabetes had a higher
prevalence of any vascular disease (un-
adjusted OR 1.98 [95% CI 1.96–2.00];
P , 0.0001) (Fig. 1). Diabetes was asso-
ciated with a higher odds of PAD (unad-
justed OR 1.96 [95% CI 1.94–1.98]; P ,
0.0001), CAS (unadjusted OR 2.13 [95%
CI 2.11–2.16]; P, 0.0001), and AAA (un-
adjusted OR 1.40 [95% CI 1.37–1.43];
P , 0.0001) compared with those with-
out diabetes (Table 1). Vascular disease in
more than one peripheral vascular bed
was also more common in participants
with diabetes. Compared with partici-
pants without diabetes, participants with
diabetes were more likely to have periph-
eral vascular disease in one territory

(15.1% vs. 9.0%; P , 0.0001), two terri-
tories (2.9% vs. 1.2%; P , 0.0001), or
three territories (0.7% vs. 0.4%; P ,
0.0001) (Supplementary Fig. 1).

After adjustment for age, sex, race,
hypertension, hyperlipidemia, smoking
status, BMI, coronary artery disease,
and stroke or transient ischemic attack,
diabetes was significantly associated
with increased odds of any vascular
disease (adjusted OR 1.41 [95% CI
1.39–1.42]; P , 0.0001). A significant
interaction existed between diabetes
and vascular disease phenotype (P ,
0.0001); diabetes was significantly associ-
ated with increased odds of PAD (ad-
justed OR 1.42 [95% CI 1.41–1.44]; P ,
0.0001) and CAS (adjusted OR 1.45 [95%
CI 1.43–1.47]; P , 0.0001). In contrast,
after multivariable adjustment, diabetes
was significantly associated with lower
odds of AAA (adjusted OR 0.86 [95% CI
0.84–0.88]; P , 0.001) (Table 1).

Vascular Disease Severity
The relationship between severity of
vascular disease and diabetes across
the spectrum of vascular phenotypes is
shown in Table 1 and Fig. 2. Subjects
with diabetes were more likely to have
more severe PAD than subjects with-
out diabetes. The association between
diabetes and PAD became more pro-
nounced with severity of disease (ad-
justed ORs: mild PAD, 1.37; moderate
PAD, 1.77; severe PAD, 2.16; P for
trend , 0.001). Although less striking,

a similar observation was noted in
CAS; the association between diabetes
and CAS increased with severity of dis-
ease (adjusted OR 1.53 [95% CI 1.50–
1.56]; P , 0.001 for moderate CAS and
adjusted OR 1.60 [95% CI 1.56–1.63];
P , 0.001 for severe CAS). For the end
point of AAA, diabetes was associated
with a 20% and 25% lower odds of
smaller and larger AAA, respectively
(adjusted OR 0.80 [95% CI 0.77–0.83];
P , 0.001 for 3- to 5-cm-diameter aneu-
rysm and adjusted OR 0.75 [95% CI 0.66–
0.85]; P , 0.001 for .5-cm-diameter
aneurysm).

Supplementary Fig. 2 shows the prev-
alence of vascular disease stratified by
symptoms in participants with and with-
out diabetes. Participants with diabetes
were more likely to have both asymp-
tomatic disease and symptomatic dis-
ease. To minimize recall bias in our
analysis, we excluded subjects with
symptomatic disease. Results were not
greatly altered, with increased odds of
PAD (adjusted OR 1.54 [95% CI 1.50–
1.57]; P , 0.0001) and CAS (adjusted
OR 1.57 [95% CI 1.55–1.60]; P ,
0.0001) and decreased odds of AAA (ad-
justed OR 0.80 [95% CI 0.77–0.83]; P ,
0.0001).

Sex Differences
We further investigated the association
between diabetes and different pheno-
types of vascular disease in women and
men (Table 2). A significant association

Figure 1—Proportion of survey participants with lower extremity PAD, CAS, and AAA in the populations with and without diabetes (DM).
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between diabetes and PAD and CAS was
present in women and men, respec-
tively. The association between diabe-
tes and AAA seemed to differ by sex.
Diabetes was associated with a 21%
decreased odds of AAA in men, but no
significant association between diabe-
tes and AAA was noted among women
(adjusted OR 0.99 [95% CI 0.96–1.03];
P = 0.76).

CONCLUSIONS

In this large population-based analysis,
all three major forms of vascular disease
were significantly higher in people with
diabetes compared with those without
diabetes. However, after adjustment for
baseline demographics and traditional
risk factors, diabetes was significantly
associated with an increased odds of
PAD and CAS but lower odds of AAA. In
support of this observation, the strength
of association was more pronounced
with increasing severity of disease in
each of the three vascular phenotypes.
Moreover, the positive association be-
tween diabetes and PAD and CAS, as
well as the negative association be-
tween diabetes and AAA, remained ro-
bust in subjects with asymptomatic
disease. Finally, the increased associa-
tion between diabetes and PAD and
CAS was similar in women and men;
however, diabetes was associated with
lower odds of AAA in men, which was
not observed in women.
The results of this study are consis-

tent with a recent analysis of more
than 40,000 men without a history of
cardiovascular disease at baseline who

were followed for 25 years in the pro-
spective Health Professionals Follow-up
Study, which demonstrated an indepen-
dent association between diabetes and
PAD (21). Another study using National
Health and Nutrition Examination
Survey (NHANES) data demonstrated
almost double the proportion of individ-
uals with PAD in the population with di-
abetes compared with the overall
population (22). In contrast to the cur-
rent study, though, the ABI in the
NHANES was measured using systolic
blood pressure in only the right upper
extremity, and the diagnosis of PAD did
not include history of prior lower ex-
tremity revascularization (22). Further-
more, the authors noted an increase in
the proportion of individuals with PAD
in the elderly, non-Hispanic black, and
Mexican American populations but did
not perform adjusted analyses (22).

Our results demonstrating a signifi-
cant positive association between dia-
betes and CAS are consistent with
those reported in prior smaller cohorts.
One study evaluating 1,058 patients re-
ferred for Doppler ultrasonography of
the carotid arteries reported a signifi-
cant association between diabetes
and severe CAS (OR 2.77) in a multivar-
iate logistic regression analysis that in-
cluded age, sex, and ischemic heart
disease (23). Another small prospective
study evaluated 782 subjects (14% with
diabetes) with high-resolution B-mode
ultrasound and demonstrated a non-
significant association between the pres-
ence of diabetes without cardiovascular
disease and CAS (adjusted for age and

sex: OR 2.16 [95% CI 0.96–4.86]; ad-
justed for age, sex, and cardiovascular
risk factors: OR 2.19 [95% CI 0.92–
5.20]) (24).

Unlike PAD and CAS, however, the
odds of AAA in participants with diabetes
significantly decrease after multivariate
adjustment. Similar to our findings,
a cross-sectional screening study of
73,451 veterans with no history of AAA
demonstrated a negative association be-
tween the presence of diabetes and AAA
in a multivariable model accounting for
demographics and traditional cardiovas-
cular risk factors (OR 0.68 [95% CI 0.60–
0.77] for AAA 3.0–3.9 cm and OR 0.54
[95% CI 0.44–0.65] for AAA $4.0 cm,
compared with ,3.0 cm) (25). Consis-
tent with these results, a report of
6,142 veterans screened for AAA demon-
strated that the presence of diabetes
was associated with a normal aortic
size (26). Another international, pro-
spective, observational outpatient reg-
istry of 68,236 patients $45 years of
age with established coronary, cere-
bral, or peripheral arterial disease or
at least three vascular disease risk fac-
tors also demonstrated an inverse re-
lationship between diabetes and AAA
in a multivariate analysis (OR 0.59
[95% CI 0.52–0.66]) (27). Although
these studies demonstrate a lower OR
then that presented in the current
study, the populations studied are dif-
ferent. For example, the studies from
the Veterans Affairs System consisted
almost entirely of men, and we found
sex differences in the association be-
tween diabetes and AAA, whereas the

Table 1—Odds of vascular disease by degree of severity in the presence of diabetes

Vascular diseases

Unadjusted Model 1 Model 2

OR 95% CI P value OR 95% CI P value OR 95% CI P value

PAD* 1.96 1.94–1.98 ,0.001 1.74 1.72–1.76 ,0.001 1.42 1.41–1.44 ,0.001
Noncompressible arteries 1.64 1.60–1.68 ,0.001 1.42 1.38–1.46 ,0.001 1.48 1.43–1.52 ,0.001
Mild 1.79 1.76–1.83 ,0.001 1.66 1.63–1.69 ,0.001 1.37 1.35–1.40 ,0.001
Moderate 2.64 2.58–2.69 ,0.001 2.23 2.18–2.28 ,0.001 1.77 1.73–1.82 ,0.001
Severe 3.09 3.00–3.18 ,0.001 2.53 2.45–2.61 ,0.001 2.16 2.10–2.24 ,0.001

CAS† 2.13 2.11–2.16 ,0.001 1.86 1.84–1.89 ,0.001 1.45 1.43–1.47 ,0.001
Moderate 2.04 2.01–2.08 ,0.001 1.82 1.79–1.86 ,0.001 1.53 1.50–1.56 ,0.001
Severe 2.35 2.30–2.39 ,0.001 2.01 1.97–2.05 ,0.001 1.60 1.56–1.63 ,0.001

AAA (cm)‡ 1.40 1.37–1.43 ,0.001 1.15 1.13–1.18 ,0.001 0.86 0.84–0.88 ,0.001
3–5 1.33 1.28–1.37 ,0.001 1.01 0.97–1.04 0.704 0.80 0.77–0.83 ,0.001
.5 1.34 1.19–1.51 ,0.001 1.00 0.88–1.13 0.948 0.75 0.66–0.85 ,0.001

Model 1 was adjusted for age, sex, and race; model 2 was adjusted for age, sex, race, hypertension, hyperlipidemia, tobacco use, BMI, coronary
artery disease, and stroke or transient ischemic attack. *Defined as ABI#0.9 or history of lower extremity revascularization versus ABI of 0.91–1.4 or
no history of lower extremity revascularization (ABI$1.4 excluded). †Defined as CAS$50%or history of carotid artery repair. ‡Defined as abdominal
aorta $3 cm or history of AAA repair.
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international registry represents a highly
selective population with established
vascular disease or at high risk for vascu-
lar disease.
The significant interaction between

diabetes and vascular phenotype re-
quires important exploration. Although
AAA is considered an atherosclerotic
disease process (similar to PAD and

CAS), an experimental mouse model
demonstrated elevated glucose concen-
trations to be associated with increased
plasminogen activator inhibitor-1 con-
centrations (concomitant with in-
creased aneurysmal aortic PAI-1 gene
expression), reduced plasmin genera-
tion, and reduced abdominal aortic
diameter, suggesting a role for the

fibrinolytic pathway in AAA pathophysi-
ology and a possible mechanism of in-
hibition of AAA disease in the presence
of diabetes (28). A prospective cohort
study of predominately men demon-
strated the development of thicker aor-
tic walls in diabetes, a reduction in the
secretion of matrix metalloproteinase,
and, thereby, reduced aortic wall stress

Figure 2—Proportion of survey participants with lower extremity PAD (A), CAS (B), and AAA (C) by disease severity in the population with and
without diabetes (DM).
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and subsequent development of AAA
(29). This is consistent with a recent re-
port of 360 patients (96% men) with
small AAA; the study demonstrated an
inverse correlation between diabetes
and aneurysm growth (30).
It is interesting that we note a neutral

association between diabetes and AAA
in women. Themajority of studies inves-
tigating AAA have included mostly men.
The current study is one of the few
with a large number of women (.2 mil-
lion). One report of 9,342 women did
demonstrate a six-times lower preva-
lence of AAA in women than men but
did not comment on the prevalence of
AAA by diabetes status (31). In addition,
one meta-analysis of more than 15,000
patients from 18 studies, the majority of
which consisted of more than 80% men,
demonstrated that female sex was not
associated with aneurysm growth; how-
ever, it did not comment on the associ-
ation between female sex and the
prevalence of AAA (32). The underlying
mechanism for the sex disparities noted
in the prevalence of AAA, and particu-
larly in subjects with diabetes, needs
further elucidation.

Limitations
There are several limitations to this
study, including those inherent to a ret-
rospective observational study design.
First, participants were provided access
to the LLS measures for a fee; therefore
the cohort may underrepresent people
from lower socioeconomic backgrounds.
Second, the diagnosis of diabetes was
based on participant self-report and
was not verified by medical records.
Nonetheless, we found that the preva-
lence of diabetes was 10.8%, which is

similar to the prevalence of diabetes
noted in more representative popula-
tions (e.g., NHANES [9.7%] and 2013
American Heart Association heart dis-
ease and stroke statistics [11.8%]). Third,
while ABI was measured during PAD
screening in this survey, the toe brachial
pressure index could be used to establish
the diagnosis of PAD in people in whom
PAD is clinically suspected, but ABI tests
are unreliable because of noncompress-
ible vessels, such as in people with long-
standing diabetes or advanced age.
However, this population comprises
only 1.2% of the total cohort with avail-
able ABI data and is therefore unlikely to
have a significant effect on the differen-
ces detected. In addition, in this study,
ABI was measured using the posterior
tibial artery; the dorsalis pedis artery
was used only when the posterior tibial
artery was inaudible. The highest of the
dorsalis pedis or posterior tibial artery
pressures at the ankle traditionally is
used to form the calculation (17).
However, a recent report compared
this traditional method with an alterna-
tive method using the lower of the two
ankle artery pressures, and both meth-
ods had similar diagnostic and predictive
accuracy for all-cause and cardiovascular
mortality, suggesting the utility of the
alternate method in identifying a clini-
cally meaningful population with PAD
(33). Moreover, we expect any resulting
misclassification to bias toward a null re-
sult. Fourth, severe PAD is defined in this
study as ABI#0.6, whereas some defini-
tions use ABI#0.4 to define severe PAD.
We did evaluate the population with
ABI ,0.4 and demonstrated similar re-
sults (adjusted OR 2.23 [95% CI 2.07–
2.41]; P , 0.001). Finally, while a small

percentage (7.5%) of individuals did not
have ABI calculated, did not receive ca-
rotid ultrasound screenings, or both,
subjects excluded because of incomplete
data were similar to the subjects included
in the final analyses. Despite these limita-
tions, this is the largest evaluation of the
relationship between vascular disease in
the peripheral arteries and diabetes, as
well as the only study to examine all three
major vascular subtypes in one cohort.

Conclusion
In a large contemporary survey, after
adjustment of demographics and tradi-
tional risk factors, the presence of dia-
betes is associated with higher odds of
PAD and CAS but lower odds of AAA.
Future studies exploring this difference
in vascular subtype and assessing the
risks versus benefits of screening for
PAD and CAS in asymptomatic people
with diabetes are needed.
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disease, and stroke or transient ischemic attack.
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concept and design, interpreted data analyses,
and edited the final manuscript. J.S.B. is the
guarantor of this work and, as such, had full
access to all the data in the study and takes
responsibility for the integrity of the data and
the accuracy of the data analysis.
Prior Presentation. Some of these data were
presented at the American College of Cardiol-
ogy Scientific Sessions, San Francisco, CA, 9March
2013, and at the Northwestern Cardiovascular
Young Investigator Forum, Chicago, IL, 21
September 2013.
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